o C. After stirring for 30 min, the lithium reagent was transferred dropwise to a solution of (R)-14 (164 mg, 2.0 mmol) in 15 mL THF at -78 o C. The resulting mixture was stirred at -78 o C for 45 min and quenched with 8 mL of saturated NH 4 Cl. The reaction was slowly warmed to room temperature, and the organic solvent was removed by reduced pressure distillation. The resulting aqueous layer was extracted with ethyl acetate (30 mL × 3). The combined organic extracts were washed with brine (50 mL × 2) and dried over Na 2 SO 4 . The solvent was removed, and the resulting brown oil was an inseparable mixture of (3R)-15 and diethyl methylphosphonate. This material was used for the next reaction without further purification.
Diethyl ((R)-2-((tert-Butyldiphenylsilyl)oxy)-2-((R)-2-methylenecyclopropyl)ethyl) phosphonate ((2R,3R)-16) and Diethyl ((S)-2-((tert-Butyldiphenylsilyl)oxy)-2-((R)-2-methylenecyclopropyl)ethyl)-phosphonate ((2S,3R)-16).
To a solution of imidazole (170 mg, 2.5 mmol) and compound (3R)-15 (440 mg)
obtained from the previous reaction in CH 2 and (2R, 3S)-8 were synthesized following the same procedures described for the syntheses of (2R, 3R)-8 and (2S, 3R)-8 using (S)-13 as the starting material. The 1 H and 13 C-NMR spectra of (2S, 3S)-8 and (2R, 3S)-8 are identical to those of (2R, 3R)-8 and (2S, 3R)-8, respectively.
Diethyl ((S)-2-hydroxy-2-((R)-2-methylenecyclopropyl)ethyl)phosphonate ((2S, 3R)-15).

Chemical syntheses of Mosher's esters of (2R,3R)-15: (S, 2R, 3R)-33 and (R, 2R, 3R)-33.
S6
Scheme S2. Synthetic scheme for the preparation of (S, 2R, 3R)-33 and (R, 2R, 3R)-33.
To a stirring solution of (2R, 3R)-15 (8 mg, 0.034 mmol) and dry pyridine (16 mg, 0.20 mmol, 6 eq) in dry dichloromethane (10 mL) at room temperature was added (R)-(−)-α-methoxy-α-(trifluoromethyl)phenylacetyl chloride (1.5 mL, 0.05 M solution in dichloromethane, 2.2 eq). The reaction mixture was stirred for 10 hr followed by the addition of water (1 mL) and then stirred for another one hour. The dichloromethane layer was collected, while the aqueous layer was extracted with Et 2 O (5 mL × 2). The combined organic layers were washed with brine (10 mL) and dried over Na 2 SO 4 . The solvent was removed and the resulting oil was purified by silica gel flash column chromatography (ethyl acetate : hexanes = 1 : 3) to afford compound (S, 2R, 3R)-33. under the reaction conditions with ~70% deuterium incorporation (see spectra shown in p. S20). It should be pointed out that solvent deuterium is also expected to incorporated at C1 position of (rac)-34.
Chemical synthesis of deuterium (D) labeled compound (rac)-[3-2 H]-34 and tritium (T) labeled compound (rac)-[3-
However, due to the greater acidity of the C1 protons, the deuterium incorporated at C1 was exchanged out during the workup process. Thus, deuteration was observed only at C3 but not at C1 at the end of the exchange experiment. 387.17270, found 387.17300.
Diethyl (4-(hydroxymethyl)-2-oxopent-4-en-1-yl)phosphonate (38).
To a stirred solution of 37 (37 mg, 0.1 mmol) in acetonitrile (MeCN, 0.4 mL) was added trifluoroacetic acid (TFA, 1% in water, 0.1 mL). After stirred at room temperature for 30 min, the reaction was quenched with NaHCO 3(aq) . It was then partitioned between CH 2 Cl 2 (5 mL × 5) and water (5 mL). Combined organic layers were dried over Na 2 SO 4 , filtered, and concentrated to give crude oil, which was further purified by flash chromatography with silica gel (MeOH/EtOAc = 5/95) to yield 38 as colorless oil (15.9 mg, 63%). The cyclized hemiacetal 39 (7.8 mg, 31%) and trace amount of furan 40 (1.7 mg, 6%), which are difficult to separate, were also isolated as a mixture. It was found that compound 38 spontaneously cyclized to give 39 and then dehydrated to give 40. Hence, more 40 was generated and the amount of 38 kept decreasing during the course of chromatographic purification (could be monitored by TLC, 40 is less polar). The isolated 38 was therefore used for the next step as soon as possible. 4 The 1 H NMR spectra were recorded after aeration of the reaction mixture by bubbling of air through the solution with gentle pipetting.
Representative 1 H NMR time-course spectra for the reaction of HppE with various substrates are given below.
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Figure S1a 
HPLC Analysis of Fosfomycin Formation Using HppE Pre-incubated with (2R, 3R)-8
The inactivation of HppE by (2R, 3R)-8 was determined by HPLC analysis of fosfomycin formation using enzyme which was pre-incubated with (2R, 3R)-8 for varied length of time as described below. used in the incubation gives partition ratio ( Figure S6 ). It should be pointed out that mass analysis of the whole protein after inactivation was attempted. However, no apparent MS change was observed. Perhaps, the enzyme-inhibitor complex is unstable under the MS conditions. 
MALDI-TOF MS Analyses of Trypsin Digested HppE and Its Inactivated Form
The reaction solutions from HppE control sample and the inactivated HppE sample were diluted 10 times with 50 mM ammonium bicarbonate (pH 7.8), and the protein denaturation were performed at 90 °C for 20 min.
The resulting samples were reduced with 10 mM dithiothreitol (DTT) at 60 °C for 45 min and then alkylated 
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